Golden-mantled ground squirrels (Callospermophilus lateralis) have been subjects of laboratory investigations of hibernation for many years. As such, patterns of torpor for this species have been well characterized under laboratory conditions but not during natural hibernation. The purpose of this study was to determine torpor patterns of free-living C. lateralis and to correlate these patterns with the sex, age, and reproductive status of each animal, as well as environmental conditions. We surgically implanted body temperature (T b ) data loggers into the abdominal cavities of animals in late summer 2008 . In spring 2009 and 2010 , animals were recaptured and loggers were removed. During hibernation, animals displayed mean (6 SEM) torpor bout lengths from 8 to 14 (6 0.3) days with maximum duration of 21 days, and minimum T b of 0uC 6 1uC. Adult males entered hibernation later, emerged earlier, spent less time in torpor, and had fewer multiday torpor bouts than either females or juvenile males. These results suggest that torpor patterns in naturally hibernating C. lateralis are influenced by sex and reproductive status. Hibernation is both a behavioral and a physiological adaptation expressed primarily by mammals to survive periods of food dearth and low ambient temperature (T a ). It is characterized by protracted periods (days to weeks) of inactivity and profoundly reduced body temperature (T b ) and metabolic rate interspersed with periodic arousals to euthermia (reviewed in Lyman et al. 1982). During torpor, mammalian hibernators typically regulate T b close to T a , which is usually 0-5uC (Hut et al. 2002; Michener 1992) , and spontaneously arouse (,35-36uC) for several hours before reentering torpor (Bartels and Thompson 1993; Dark 2005 ). This energy-saving strategy is marked by significant physiological and behavioral changes, including metabolic and cardiovascular suppression and the reduction or cessation of food intake (aphagia). Hibernating sciurids (e.g., Spermophilus, Urocitellus, and Callospermophilus) enter winter hibernacula prior to the 1st torpor bout (Michener 1992; Wang 1979) and remain below ground throughout the heterothermic season, emerging in the spring to reproduce and recommence food intake (Kenagy et al. 1989) . Most males end heterothermy prior to females in order to complete testicular recrudescence (Barnes et al. 1986) and to establish territories (Buck and Barnes 2003) . Females end hibernation when food resources are more abundant and are impregnated within days of emergence from their burrows (Kenagy et al. 1989 ). Young-of-year are weaned in midsummer and spend the rest of the summer and autumn building up fat stores for the next hibernation season (Yousef and Bradley 1971) .
Hibernation is both a behavioral and a physiological adaptation expressed primarily by mammals to survive periods of food dearth and low ambient temperature (T a ). It is characterized by protracted periods (days to weeks) of inactivity and profoundly reduced body temperature (T b ) and metabolic rate interspersed with periodic arousals to euthermia (reviewed in Lyman et al. 1982) . During torpor, mammalian hibernators typically regulate T b close to T a , which is usually 0-5uC (Hut et al. 2002; Michener 1992) , and spontaneously arouse (,35-36uC) for several hours before reentering torpor (Bartels and Thompson 1993; Dark 2005 ). This energy-saving strategy is marked by significant physiological and behavioral changes, including metabolic and cardiovascular suppression and the reduction or cessation of food intake (aphagia). Hibernating sciurids (e.g., Spermophilus, Urocitellus, and Callospermophilus) enter winter hibernacula prior to the 1st torpor bout (Michener 1992; Wang 1979 ) and remain below ground throughout the heterothermic season, emerging in the spring to reproduce and recommence food intake (Kenagy et al. 1989) . Most males end heterothermy prior to females in order to complete testicular recrudescence (Barnes et al. 1986) and to establish territories (Buck and Barnes 2003) . Females end hibernation when food resources are more abundant and are impregnated within days of emergence from their burrows (Kenagy et al. 1989 ). Young-of-year are weaned in midsummer and spend the rest of the summer and autumn building up fat stores for the next hibernation season (Yousef and Bradley 1971) .
Examination of observational data clearly indicates that there are age and sex effects on timing of hibernation (Buck and Barnes 1999a; Kenagy 1987; Michener 1983; Strauss et al. 2007 ). Moreover, these observations of age and sex differences in phenology are further supported by the few species for which patterns of T b are known. For example, Michener (1992) found that male Richardson's ground squirrels (Urocitellus richardsonii) spent significantly less time in torpor during the heterothermic season than did females, and that juveniles of both sexes had significantly shorter heterothermic seasons than did adults. Additionally, Gür and Kart Gür (2005) found that Anatolian ground squirrel (Spermophilus xanthoprymnus) juveniles remained active and above ground longer than adults prior to immergence into hibernacula. In several species, it has been demonstrated or hypothesized that adult males end their heterothermic seasons w w w . m a m m a l o g y . o r g prior to other cohorts (e.g., Arctic ground squirrels [Urocitellus parryii]- Buck and Barnes 1999a; Buck et al. 2008 ), but remain in underground hibernacula until testicular recrudescence has been completed, and food caches have been consumed in order to rebuild body mass (Barnes et al. 1986 (Barnes et al. , 1988 . Recent evidence has shown that male U. parryii lack a clear diurnal T b pattern when they initially become euthermic in the spring, but resume and maintain a robust daily T b pattern once they have emerged from burrows after 2-3 weeks spent euthermic underground (Williams et al. 2011) . However, no such pattern is evident in female U. parryii, which emerge from burrows shortly after ending hibernation in the spring (Williams et al. 2011) . The age and sex differences in the torpor patterns of hibernating ground squirrels suggest that distinctive cohorts utilize different strategies to minimize energy costs, while increasing opportunities for reproduction.
Golden-mantled ground squirrels (Callospermophilus lateralis) have been used in physiological laboratory studies since the early 1960s (Jameson 1964; Pengelley and Fisher 1961; Twente and Twente 1964) . These studies provided the basis of an extensive body of peer-reviewed literature on the subject of hibernation. However, despite the nearly 50 years during which C. lateralis has been utilized for physiological research, its torpor patterns and phenology of hibernation under natural conditions remain unknown. Certain aspects of hibernation, such as timing of immergence into and emergence from burrows, and natural patterns of torpor cannot be well studied in captive animals because of the limitations of laboratory hibernacula (including noise of room-cooling machinery, periodic disturbance due to animal room inspections, and inability for animals to choose hibernacula location [Florant et al. 2000; Kortner and Geiser 2000] ). Our objective was to describe the natural torpor patterns of C. lateralis and to determine if differences between sexes and reproductive status were reflected in the torpor patterns. Based on previous studies conducted in various ground squirrel species in the laboratory and field (Barnes et al. 1986; Buck et al. 2008; Michener 1992; Young 1990) we hypothesized that adult male C. lateralis would spend less time in hibernation and emerge earlier than adult females and juvenile individuals, and that juvenile animals would enter hibernation later and arouse later than adults.
MATERIALS AND METHODS
Animals and surgical procedure.-All trapping followed guidelines of the American Society of Mammalogists (Sikes et al. 2011) ; animal handling and surgeries were performed under a Colorado State University-approved Institutional Animal Care and Use Committee protocol in Larimer County, Red Feather Lakes, Colorado (40.8uN, 105 .59uW, elevation, 2,531 m) from July 2008 to June 2010. T b data loggers (iButton, DS1921G; Maxim, Sunnyvale, California) were coated in medical-grade paraffin wax (total mass , 3.8 g) and programmed to record T b every 3 h from 1 September to 15 May each year of the study. The recording time interval chosen (3 h) was the shortest interval that allowed the iButtons to record from September to May. The iButtons used were accurate to 61uC and had a resolution of 0.5uC and a range of 240uC to +85uC.
In the prehibernation season (on multiple dates from 10 July to 14 September of 2008 and 2009), individual C. lateralis were livetrapped (Tomahawk Live Traps, Hazelhurst, Wisconsin) and anesthetized using isoflurane gas. Sex (determined by anal-genital distance) and approximate age (adult or young-of-year, determined by body mass and length) were determined for each animal at initial trapping, and animals were ear-tagged and marked with a colored pipe cleaner for identification. In addition, each animal was injected with a passive integrated transponder (PIT tag; AVID Identification Systems, Norco, California) subcutaneously between the scapulae, was weighed (61 g), measured for snout-anus length (60.5 cm), and surgically implanted intraperitoneally with an iButton as previously described (Wilson et al. 2010) . Animals were allowed to recover from anesthesia (,1 h) and then released at their original trap sites. A total of 40 individuals (9 adult males, 11 adult females, 10 juvenile males, and 10 juvenile females) were trapped and implanted with iButtons. In the posthibernation season (on multiple dates from 5 May to 2 June of 2009 and 2010), surviving animals were retrapped, anesthetized, weighed, and measured, and iButtons were removed. Absorbable suture was used for both surgeries, and in all cases, animals showed no external sign of initial abdominal surgery upon recapture. Animals from all 4 cohorts were trapped on each of the surgery dates.
An iButton used to record soil temperature (T soil ) was placed at a depth of 1 m in a central location within 50 m of the majority of burrows of C. lateralis. This depth was chosen because burrows of C. lateralis are generally 0.5-1.0 m in depth (Bartels and Thompson 1993) . Given the relationship that we observed in the pattern of T b change and T soil change at 21 m, this depth is likely representative of average depth of burrows; however, other physical factors (e.g., snow accumulation, orientation, soil type and moisture content, etc.) can all impact T soil profiles (Buck and Barnes 1999b) . Thus, the 21-m profile only approximates the thermal experience of the various burrows in close proximity to the soil iButton location.
Because exact ages of animals were not always known (with the exception of obvious young-of-year), individual C. lateralis were initially categorized as adult or juvenile based on body mass and morphology at time of 1st capture (JulySeptember, estimations based on data derived from captive C. lateralis held in the Florant laboratory [G. L. Florant, in litt.] ). For the purpose of analysis, each C. lateralis with a usable iButton record (i.e., 10 males and 5 females were not retrapped in spring, and 4 iButtons failed to record) was placed into 1 of 4 categories: adult females (n 5 8), adult males (n 5 3), juvenile females (n 5 6), and juvenile males (n 5 4). These categorizations were confirmed by body mass and morphology data collected at recapture in spring (MayJune). Animals were considered adult if prehibernation body mass was greater than 200 g and if body length was greater than 19 cm. Adult females also typically had visible nipples, even postlactation. Posthibernation, males with scrotal testes and a body mass greater than 190 g were considered adult. Juvenile males and females (young-of-year) were generally markedly smaller than adults at time of initial capture, usually weighing less than 200 g with a body length less than 19 cm; these animals also typically had a low posthibernation body mass (,180 g), and juvenile males generally lacked scrotal testes at time of iButton removal.
Torpor bout analysis.-The T b data from iButtons were downloaded to a computer using 1-Wire software (1-Wire Driver, Maxim). The hibernation season is defined as a seasonal interval of reduced activity (including an extended period of regulated heterothermy) beginning when an animal sequesters itself underground in its hibernaculum through its emergence from the hibernaculum in the spring. The heterothermic season is defined as the time from entry into the 1st torpor bout (T b 1st decreases to ,30uC) to arousal from the last torpor bout (terminal arousal, T b last increases to .30uC). A multiday torpor bout is defined as a drop in T b below 30uC for 24 h (as in Buck et al. [2008] , Michener [1992] , and Young [1990] ), the maintenance of this low T b , and the subsequent increase in T b to euthermic temperatures (30uC) at the end of each torpor bout. An interbout arousal is defined as a return to euthermia (T b 30uC) after at least 24 h spent at a T b , 30uC. Percent time spent in torpor or euthermic was calculated by using the individual's total time in torpor or total time spent during interbout arousals divided by the individual's total time heterothermic (defined as the 1st time point , 30uC of a multiday torpor bout to the final arousal when T b is 30uC and remains euthermic).
Statistical analysis.-Differences between groups were analyzed using the statistical software GraphPad Prism 5 (GraphPad Software, La Jolla, California). Comparisons between cohorts were made by 1-way analysis of variance with a Bonferroni posttest to correct for multiple comparisons. Diel rhythm of T b during posthibernation euthermia (to provide estimate of return to circadian cycling indicating emergence from hibernaculum) was determined by Enright's chi-square periodogram procedure, which involves the comparison of ratios of variances of each possible period (Q PRefinetti 1993). Peaks in T b were defined as high-amplitude values where the difference between peak and trough was greater than 3uC. Differences were considered significant at P 0.05. All data are reported as mean (6 SEM) unless otherwise stated.
RESULTS
Recapture rates.-Of the 40 animals captured and implanted with iButtons, 25 were recovered (62% recapture rate); however, 4 animals yielded unusable data due to iButton failure. Recapture rate was 44% for adult males, 50% for juvenile males, 64% for adult females, and 90% for juvenile females.
Analysis of torpor patterns and soil temperature.-Torpor bouts were characterized by multiple days at low T b interrupted by periods of rewarming to euthermia (interbout arousals; Fig. 1 ). Minimum T b ranged from 21uC to 2uC (6 1uC), and closely followed that of T soil , which was recorded by soil temperature data loggers placed at depths approximating burrow depth and location. Minimum T soil at 1 m was 22uC, and occurred in late February-early March. In all animals, torpor bout length was shorter at the beginning of the heterothermic season than in the middle (F 2,46 5 50.62, P 0.0001), and increased as T soil decreased ( Figs. 1 and 2 ). Torpor bout length decreased at the end of the heterothermic season prior to the final return to euthermia (F 2,46 5 50.62, P 0.0001), and this decrease occurred prior to the vernal increase in T soil in some animals (Fig. 2) . Adult males generally exhibited shorter torpor bouts (F 3,26 5 2.952, P 0.05) during the heterothermic season than did adult females and juvenile animals (Fig. 2) . The torpor patterns of juvenile males were indistinguishable from those of females at the beginning of the heterothermic season, but torpor bout length in juvenile males began to decrease at the end of the heterothermic season prior to the decrease seen in females (F 2,14 5 5.631, P 5 0.0161; Fig. 2 ). As such, all males appear to shorten torpor bouts prior to the increase of T soil .
Body temperature records collected from iButtons in 21 C. lateralis were analyzed for number of multiday torpor bouts, number of days and percent time spent in torpor, number of days and percent time spent aroused, mean and maximum torpor bout length, minimum T b , and for the initiation and termination of the heterothermic season. In the field, adult males exhibited fewer multiday torpor bouts, spent less time in torpor overall, became heterothermic later, and ended heterothermy earlier than all other groups (summarized in Table 1 ). Interbout arousals made up a significantly greater percentage of the heterothermic season in adult males than in other groups (F 3,17 5 10.44, P 0.05). Juvenile females spent a greater percentage of their heterothermic season torpid than did other groups, but in all other torpor characteristics, there were no differences between adult females, juvenile females, or juvenile males (Table 1) . There were no significant differences in the maximum torpor bout length or minimum T b when comparing the 4 cohorts of field animals (Table 1) .
Posthibernation emergence patterns.-A robust daily rhythm of T b is expressed by C. lateralis during the posthibernation euthermic period (Fig. 3) . The return to a diel rhythm posthibernation is typically illustrated by a peak in T b (indicating activity outside of the burrow and exposure to sun), followed in the next day or 2 by the resumption of a T b pattern that approximates 24 h. Fig. 3A illustrates the T b recording of a representative adult female, which displayed an immediately elevated range in T b (37-39uC) and return to a diel T b rhythm approximating 24 h (Q P 5 25, P 0.05) upon arousal from the final torpor bout of the heterothermic season, suggesting a nearly immediate posthibernation emergence from her burrow on 22 April (posthibernation day 2). In the 2nd week of posthibernation euthermia, the representative female retains a typical euthermic T b record, with peak T b between 1200 and 1500 h and nadir T b during dark hours (Fig. 3B) . In general, females resumed a diel rhythm approximating 24 h within a mean of 1.2 (60.3) days of the terminal arousal.
In a T b recording from a representative adult male (Fig. 3C) , there is no consistent T b pattern during the 1st week of posthibernation euthermia (Q P 5 4, not significant). During week 2 (Fig. 3D) , a peak in T b occurs on 17 March (posthibernation day 12), and T b regains a diel pattern approximating 24 h, which is retained through the rest of the time recorded (Q P 5 30, P 0.05). Adult males returned to a diel rhythm approximating 24 h after a mean of 12.6 (63.4) days following terminal arousal. 
DISCUSSION
Sex differences in patterns of natural hibernation exhibited by free-living C. lateralis are similar to those described previously in related ground squirrel species (e.g., Urocitellus richardsonii [Michener 1992; Wang 1979] , U. columbianus [Columbian ground squirrel -Young 1990] , U. parryii [Buck et al. 2008; Sheriff et al. 2011] , and S. xanthoprymnus [Kart Gür et al. 2009] ). The main difference in reported torpor patterns between C. lateralis and most other ground squirrel species was that adult males delayed entry into torpor compared to other cohorts; this trend also was observed in adult male U. parryii (Buck et al. 2008) . Under natural conditions, adult male C. lateralis exhibited torpor characteristics quite different from those of other cohorts, becoming heterothermic later, emerging from heterothermy earlier, and spending a smaller percentage of their heterothermic season in torpor than did adult females and juvenile animals of both sexes. It is likely that these differences reflect trade-offs between the energy-saving benefits of torpor and the reproductive benefits incurred by an early end to the heterothermic season. Specifically, testicular recrudescence begins during hibernation, but the majority is completed following terminal arousal but prior to emergence from the hibernaculum (Barnes 1996; Barnes et al. 1986 ).
Studies in other ground squirrel species have shown that adult Callospermophilus saturatus (Cascade golden-mantled ground squirrel) immerge into hibernacula prior to juveniles in early autumn (Kenagy et al. 1989) , and in U. columbianus and U. richardsonii adult males enter hibernation earlier than adult females or juveniles of either sex (Michener 1992; Young 1990 ). In our study adult male C. lateralis became heterothermic significantly later than other cohorts. It is unlikely that the iButton surgeries delayed the onset of the heterothermic season only in adult males, because surgery was carried out on the same dates for all cohorts. It is possible that the late torpor entry observed in the adult males in our study was due to the characteristics of our field site, which supported a large number of C. lateralis (,100) in a fairly small area (a clearing of ,300 m 2 ). Because C. lateralis is territorial (Gordon 1936) it is possible that males are delaying the onset of torpor in order to defend prime territories as long as possible before entering the hibernation season. It is also possible that adult male C. lateralis delay autumnal burrow immergence in order to build a food cache to be consumed upon their early arousal in the spring (Buck et al. 2008; Buck and Barnes 2003) . Adult males were fairly large at the spring retrapping (.200 g), which is probably due to the early termination of the hibernation season that allowed them to eat and regain mass. Because adult males ended heterothermy at least a month prior to other cohorts, they would have had more time to build up fat stores before being retrapped in May. Both adult and juvenile females lost significant mass during the hibernation season. Interestingly, the prehibernation and posthibernation masses did not differ in most juvenile males. This is likely an experimental artifact based on the early initial trap date of most juvenile males (1 August, at which time these animals were still quite small). From the initial trapping, juvenile males would have had 6 more weeks to gain body mass before their 1st torpor bout in mid-September, and as such likely lost as much mass as other groups during the hibernation season. Although a great deal of food was available in the area upon arousal of the other cohorts in April and May, we observed significant snow cover when adult males aroused from hibernation in February or March. As such, it is likely that these adult male C. lateralis possessed caches that allowed them to regain body mass prior to the emergence of females and the start of the breeding season. However, because these body mass data were not recorded immediately before or immediately after entry into or exit from hibernation, care must be taken in drawing conclusions. Future experiments are needed to determine energy usage during the hibernation season under natural conditions, with careful tracking of body mass and exploration of burrows to determine presence or absence of food caches.
It is not clear what determines whether a male is reproductively competent or nonreproductive in any particular year, but it is hypothesized that state of reproduction depends on a variety of factors, including age, body mass, and endogenous fat stores (Barnes 1984; Dark et al. 1992; Strauss et al. 2007 ). In the case of the males in our study, the apparent age of 2 animals at initial capture did not match size at recapture or reproductive condition. One individual was well over 200 g and body length greater than 19 cm at initial capture; we considered this individual as an adult. However, at posthibernation recapture it had low body mass (150 g), nonscrotal testes, and also displayed torpor patterns more similar to those of juvenile males (early entry into heterothermic season, late emergence, and longer torpor bouts than those of adult males). A 2nd individual was initially classified as a juvenile male (mass 5 167 g; body length 5 17.5 cm), and for the 1st half of the heterothermic season, displayed torpor characteristics similar to those of other juvenile males. However, during the 2nd half of the heterothermic season, the torpor bouts of this individual shortened in duration, and the animal aroused from hibernation at the same time as adult males. On recapture, the animal displayed scrotal testes and a body mass larger than any other retrapped juvenile male (190 g). Based on these data, it is possible that these males were misclassified at the initial trapping (i.e., a large juvenile and a small adult). It is also possible that the typical reproductive condition of these individuals was altered based on available endogenous energy stores-if a large yearling male had sufficient energy reserves available, it would be to its advantage to reproduce during its 1st year. Similarly, if a smaller adult male had very few energy reserves remaining at the end of the hibernation season, it would be best served by conserving those reserves by remaining in hibernation longer and avoiding the energetically expensive process of testicular recrudescence. This has been previously described in this and other ground squirrel species (Barnes 1984; Strauss et al. 2007 ). These individual cases illustrate the importance of taking an animal's overall physiological condition into account when drawing conclusions about reproduction and behavior.
In all C. lateralis undergoing natural hibernation, the heterothermic season was characterized by multiday torpor bouts interrupted by brief periods of euthermia. In all individuals for which we have temperature records, minimum T b closely matched T soil (recorded in 1 location central to most burrows of C. lateralis). Minimum T b in field animals ranged from 21uC to 2uC, which is similar to the minimum defensible T b described in previous studies in this and closely related species (Frank 1992; Geiser and Kenagy 1988; Lyman and O'Brien 1972) but which is below the T a of 5uC typically maintained in laboratory studies in this species (Lyman et al. 1982) . Field animals appeared to maintain T b within 1-2uC above T soil during all bouts of torpor. Arguably, squirrels under natural conditions are selecting burrows that maintain a low, stable T a that allows optimal T b and metabolic suppression for maximum energy saving, so these results should be taken into effect when designing laboratory experiments using C. lateralis.
Torpor bouts in field C. lateralis were short at the beginning of the heterothermic season in all groups, and lengthened gradually with decreasing T soil , as previously shown for other ground squirrel species (Buck et al. 2008; Hut et al. 2002; Michener 1992; Young 1990) , indicating either that warm hibernaculum conditions at the beginning of the heterothermic season limit maximum torpor bout length or that there is a natural progression of torpor bout length across the heterothermic season-our data do not allow us to distinguish between the 2 possibilities. Torpor bout length was maximal in the middle of the heterothermic season (December-February), but decreased again at the end of the heterothermic season. In all male C. lateralis, this shortening of bouts occurred prior to the vernal increase in soil temperature. Adult males reached maximum torpor bout length in December before declining through January and February in preparation for the end of the heterothermic season, and presumably testicular recrudescence. Juvenile males were indistinguishable from adult females and juvenile females in most torpor characteristics. Interestingly, juvenile males exhibited an earlier shortening of torpor bouts than females, in a manner more similar to adult males (i.e., torpor bout duration was maximal in January and began declining through April). As such, it appears that the cue for timing of male arousal from hibernation must be physiological rather than imposed by environmental cues (i.e., increasing T soil , as seen in female C. lateralis and in some other ground squirrel species [Michener 1992; Young 1990 ]) This behavior may be linked to circulating androgen levels, which could cause the length of a torpor bout to shorten independent of low T soil . It is possible that baseline circulating androgens in males signal a shortening of torpor bouts. If this is the case, only males with sufficient body condition would have sufficient androgens to signal early arousal and full testicular recrudescence.
Adult males also exhibited a clear posthibernation euthermic pattern of T b in which T b ranged from 35uC to 37uC for 2-4 weeks following arousal from the final torpor bout, but increased to a euthermic-season normal range of 37-40uC after that 2-to 4-week period. This might indicate that adult males arouse from hibernation in late February-early March, but remain minimally active and below ground until midMarch-early April, when they emerge to set up territories in anticipation of female emergence in late April-early May (Kenagy et al. 1989 ). Although we were unable to observe exact emergence dates for individual animals, the 1st posthibernation C. lateralis were spotted on 17 March. On this date the iButton record of 1 representative adult male seemed to indicate a peak in T b and resumption of 24-h diel T b rhythm. This pattern has been previously described in other species of ground squirrels (Michener 1992; Sheriff et al. 2011; Williams et al. 2011 Williams et al. , 2012 and surmised for male C. lateralis (Barnes 1996) . However, it has yet to be demonstrated in this species. No such T b pattern was observed in adult females or juvenile individuals, who appeared to emerge from hibernacula and become active almost immediately following arousal from their final torpor bout. In support of this, the T b records of several females showed that the terminal arousal had taken place the day before or the day of trapping and iButton removal in May. It would be beneficial to correlate these field T b records with visual observations of post-hibernation emergence from burrows to confirm date of emergence, and to increase the sample size of adult male T b records in order to increase confidence in these initial results.
Description of torpor patterns in free-living hibernators in the literature is limited. The earliest available data on torpor patterns in free-living hibernators were collected from U. richardsonii and U. columbianus, in which researchers measured skin temperature every 12 h using temperaturesensitive radiocollars (Michener 1992; Wang 1979; Young 1990 ). Recent advances in technology have allowed torpor patterns from U. parryii and C. lateralis to be recorded with abdominally implanted T b loggers (TidBit Stowaway, Onset Computer Corporation, Cape Cod, Massachusetts) for U. parryii recording at 20-min intervals [Buck et al. 2008; Sheriff et al. 2011 ], or iButtons recording at 4-h intervals for C. lateralis). As such, the radiotelemeter-recorded T b and torpor patterns may not have been as accurate as internal T b recorded at more frequent intervals. For example, it appears in Table 2 that U. columbianus and U. richardsonii had maximum torpor bout lengths far longer than those exhibited by U. parryii or C. lateralis, but this may be an artifact of the sampling method. In our study, C. lateralis often had midseason interbout arousals that lasted less than 12 h, and these arousals often occurred during the late night-early morning hours. It is possible that the 12-h telemetry recordings utilized in the earlier studies might have missed brief arousals such as these, resulting in artificially long reported torpor bouts.
In other torpor characteristics, the ground squirrel species for which natural torpor data exist were very similar. When all sex and age cohorts are averaged, U. richardsonii had the shortest heterothermic season (174 days-Michener 1992), followed by U. parryii (214 days- Buck et al. 2008) , and C. lateralis (218 days-this study), whereas U. columbianus had the longest heterothermic season (241 days -Young 1990) . However, the late dates of the 1st torpor bout in C. lateralis may be an artifact of experimental procedure. In our study, implanted iButtons did not begin recording T b until 1 September, and in at least 2 adult females, the recording began in the middle of a torpor bout. These animals were considered to have entered hibernation on the day on which the iButton began recording during a torpor bout, but it is unclear how much earlier in the season the individuals actually began undergoing torpor bouts. In both instances of truncated recording length, torpor bouts were of short duration, indicating that the animal was still in the beginning stages of the heterothermic season. In any case, it seems clear that some adult female C. lateralis begin the heterothermic season at least as early as late August. However, care must be taken in making comparisons between species; it is likely that torpor patterns vary even among different populations within a species. Environmental and ecological factors such as latitude, elevation, snowpack, food availability, and interspecies competition or predation are likely to have an effect on phenology of the heterothermic season as well. Such factors should be taken into account when drawing conclusions about wild-living populations of hibernators.
In conclusion, we have demonstrated for the 1st time that differences in sex and reproductive condition alter the phenology of heterothermy in a group of naturally hibernating C. lateralis. These preliminary data provide intriguing possibilities for further study. Such studies include the correlation of profiles of circulating hormones and metabolic factors (including ghrelin, leptin, testosterone, gonadotropinreleasing hormone, and circulating fatty acids) with torpor characteristics (e.g., torpor bout length and depth, and dates of entry into and arousal from heterothermy), and ecological parameters (such as overwinter survival, snow accumulation, burrow site selection, and local flora). A long-term study of this population of C. lateralis will give us a far better understanding of the ecological physiology of the species, allowing us to track possible effects of climate change at the population level (e.g., Sheriff et al. 2011) as well as adding to our knowledge of this species of ground squirrel in its natural habitat. (uC) 28.9 20.5 22 22
a Data taken from: 1, Buck et al. 2008; 2, Sheriff et al. 2011; 3, Michener 1992; 4, Wang 1979; 5, Young 1990 ; 6, this study.
